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UNITED STATES DEPARTMENT OF AGRICULTURE 
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EFFECT OF VARIOUS FACTORS ON THE CREAMING ABILITY OF 
MARKET MILK 


By H. A. WHITTAKER, R. W. ARCHIBALD, and L. SHERE, Of the Division of 
Sanitation, Minnesota State Board of Health, and C. E. CLEMENT, Bureau of 
Dairying 
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REASONS FOR INVESTIGATION 


Two important qualities of market milk are safety and richness. 
Most consumers are not in a position to determine with any degree 
of accuracy the safety of the milk which they receive, but depend 
upon the health authorities to provide protection. The richness is 
judged by the housewife almost wholly by the amount of cream that 
can be seen at the top of the bottle, and not by the actual butterfat 
content as determined by the Babcock test. 

In the pasteurization of milk some difficulty has been experienced 
with variations in the depth of the cream layer. The consumers 
who observe this often believe they are receiving milk below the 
legal requirement in butterfat. A uniform and satisfactor y cream 
layer on pasteurized milk is considered very important by health 
officials, because it is difficult to induce the public to purchase any 
gerade of milk which does not show a satisfactory cream layer. More- 
over, on account of the keen competition that exists among milk 
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dealers, the cream volume on the bottled milk is of great commer- 
cial importance. | 

It has been understood by many plant operators, and some investi- 

gators have shown, that pasteurization of milk decreases the cream 
volume to some extent. From the variation in the cream layer 
obtained by various dealers, it is apparent that the methods used in 
pasteurization as well as the effect of other operations in the han- 
dling of the milk, both before and after pasteurization, have an im- 
portant bearing on this problem. 
_ To obtain direct information, a questionnaire was sent to the plants 
in Minnesota that label their milk “ pasteurized ” under the approval 
of the State board of health. The questionnaire asked (1) whether 
a satisfactory cream layer was obtained on pasteurized milk, and (2) 
whether the depth of the cream layer was less than, equal to, or 
greater than that on raw milk of a similar butterfat content. Thirty- 
one replies were received, and the following are the answers to the 
first question: Yes, 23; not always, 1; at times, 1; no, 6. Following 
are the replies to the second question: Greater, 4; equal, 9; the same, 
1; less, 10; a trifle less, 4; do not know, 2. 

A similar questionnaire was sent by the Bureau of Dairying of the 
United States Department of Agriculture to the larger milk dealers 
throughout the country asking whether the cream layer of their 
product was injured by the pasteurization process. The following 
are the answers received: Cream volume not injured, 128; cream 
volume only slightly injured, 31; cream volume injured, 21. Of the 
21 dealers who replied that the cream volume was injured, a few 
specified the percentage of reduction that they estimated had oc- 
curred. These estimated reductions varied from less than 10 per cent 
to 25 per cent. 

Replies received to both questionnaires indicated that the majority 
of the dealers are not experiencing any great difficulty with their 
present methods of-pasteurization. 

Studies on the various factors which may or may not affect the 
creaming ability of market milk were undertaken by the division of 
sanitation of the Minnesota State Board of Health and the Bureau of 
Dairying in cooperation. Experiments were carried on in the 
laboratory of the Minnesota State Board of Health; at the dairy 
hall of the division of dairy husbandry, University of Minnesota, 
the facilities of which were kindly turned over to the cooperators by 
the university; and at commercial milk plants. The laboratory 
tests included the effect of pasteurizing milk, of storage tempera- 
tures, of the rapidity of creaming, etc. The experiments at the dairy 
hall, University of Minnesota, included the effect of vat pasteuriza- 
tion of milk, using heating media of both high and low tempera- 
tures, the effect of cooling after pasteurization to various tempera- 
tures, the effect of storage temperatures, the effect of pumping milk 
with various types of pumps, ete. The experiments at the com- 
mercial plants included practically all of the factors previously 
mentioned, with especial regard to the results obtained with various 
types of pasteurizing apparatus, and to the effect of other processes 
that take place at commercial plants. 


1 Studies were begun by the division of sanitation during March, 1919, and cooperation 
with the Department of Agriculture, which had previously done some work on the prob- 
Jem, was started during April, 1923, 


f 
f 


9 
£ 
- 
a 
Fe 
% 
S 
& 
had 


THE CREAMING ABILITY OF MARKET MILK 3 
METHODS USED 


The studies at the plants included a history of the raw milk 
received and the collection of detailed data on the equipment and 
methods of operation. Samples were collected during each step of 
the process, and the cream volume and butterfat percentage were 
determined. The cream-value determinations were made by placing 
100 cubic centimeters of the sample in a graduated cylinder with i 
eubic centimeter graduations. Each cubic centimeter of visible 
cream in this cylinder represented 1 per cent of the total volume. 
The cream-volume readings are not referred to in this bulletin as a 
rate per cent, however, but as units, in order to avoid confusion with 
other percentage rates. The cream-volume readings were made 
after the samples had remained in storage for from 20 to 24 hours. 

All samples on which cream-volume determinations were made 
were cooled quickly to approximately 45° F., and then placed at 
once in the refrigerator, unless otherwise stated. The methods used 
eliminated the factors of slow cooling and of agitation during cool- 
ing in so far as possible. 

The percentage of fat in the under layer was determined by plac- 
ing 100 cubic centimeters of the sample in a glass tube plugged at 
the bottom with a cork. An outlet tube extended through the cork, 
by means of which a definite quantity of the under milk could be 
slowly drawn off. These tubes were placed in the refrigerator with 
the other samples and the milk was drawn from them at the time the 
cream-volume readings were made; the milk was then tested for 
butterfat. These tests are referred to in the tables as “the butterfat 
in the under layer.” These under-layer butterfat tests were made 
to check the accuracy of the cream-volume readings. Butterfat tests 
were run on all samples on which cream-volume determinations 
were made. 

In order to eliminate the factor of a high-temperature heating 
medium in vat pasteurization, a direct- acting piston pump was con- 
nected with the pasteurizing vat at the dairy hall, University of 
Minnesota, so that a large quantity of the heating medium could be 
pumped thr ough the coil. 


EFFECT OF PASTEURIZING MARKET MILK 


Table 1 is a summary of the results of pasteurizing market milk 
at temperatures varying from 143° to 148° F. Most of these tests 
were made at commercial plants, though a few of them were con- 
ducted in the board of health labor atory and at the dairy hall, Uni- 
versity of Minnesota. Unless otherwise stated, the market milk 
used was that received at commercial pasteurizing plants, varying 
in age from 4 to 28 hours, with an acidity less than 0.2 per cent. 

A study of the table shows that in the majority of cases there was 
a reduction of approximately two units in cream volume for milk 
pasteurized at 145° F. for 30 minutes, and a still greater reduction 
at higher temperatures. In a few cases there was no change, and in 
some cases the pasteurized sample showed an increase over the raw 
control sample. In many cases where this occurred, however, the 
cream volume of the control sample was abnormally low owins to 
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some previous process to which the milk had been subjected. AJ- 
though in a majority of cases there was a decrease in cream volume 
as a result of pasteurizing at 145° F., the decrease was not usually 
great enough to be readily noted on a bottle of milk by consumers. 


TABLE 1.—Hifect of temperature of pasteurization on ordinary market milk 


Ras Cone Milk pasteurized at— 
Originals aw | after clarifying 
OF Dumping 143° F, 145° F. 147° to 148° F. 
+ Test No. eee 
Butter- Butter- Butter- Butter- Butter- 
Cream | fat in | Cream | fat in | Cream | fat in | Cream} fat in | Cream | fat in 
volume!) under | volume; under | volume} under | volume} under | volume} under 
layer layer layer layer layer 
Per cent Per cent Per cent Per ae Per cent 
pee 2th SEN eee (BRE al ae ee AS Ter 12.0 0. 75 11.0 0.9 8.5 1. 50 
Dees rhs. Dieee2) QE Soto 2050 iG il 19.5 .70 1640 s)2 eee AS 1. 40 
OY La ure Se iy sla Sh elie (2) Rate | sere 20. 5 13 ero 90 14.0 1535 9.5 2. 45 
A eee Ne rhs ERE SY (Bige gees Ee 19. 0 . 90 17.0 . 80 14.0 90 9.5 1. 65 
yea eeeiin Se a ey eg YS 14. 0 0. 80 13. 0 . 80 13. 0 GO ieee ee Re eee | | ee 
Gee are 4S Ta 14.0 a 13. 0 . 80 12.0 Me! 59 Sire do a Ale eee ree | | Sar || Bee ST 
ETN oe IBY SE Se 11895) 1.2 11.0 HN AG gfe: AR | ae Re 12.0 90. 2x$ sents REE 
Se EM eC 9.0 ed 9.0 1 esd eat beget Met pagel | [Pen pcics Os wee! 11.0 Ls 20) 22 See 
Obes atte k 5 VAL a Py 16. 0 383 15.0 4 15. 5 Oye eer Peale ee 9.0 1.2 
Qa eee eee POT 14 15) 1.0 HIG) eral eee ees | aes ee 18.5 1654] So ee eg 
Ul iG 2 eee 2 hos ee Be 13. 5 1.0 DONE Sosa Mae S A AS Paes 10.5 40 Lie eee A ee 
TIDAL i VK eae re ot ace 14. 75 Te) 13. 5 1 si el | eee oo ha Ye es 13. 0 iO TOJOu eae ee 
TS a I AR ae 7.0 PDs 6. 0 DARN Epes Sates pea fhe o 9.5 JE Sal Peo ea bein bpd 
TA eg gnc) ate re Bes Vie aps 13. 5 ia 12. 5 53) 12.5 1.25 12.0 13%) | SS sy Eee 
TUG ey pe en Nae ea te 13. 5 ial 1s TSS Sei eee eT ae PRS, 11.0 14s cif are |e Se 
IY ee 0S el ie et oe 16. 0 . 85 14.0 i, TOM 5s PPE 12. 0 .9 10. 0 1. 67 
1 (Si, Se ee 5 ee Ro eae’ 16. 0 i 16. 0 Leola tg ere aE [apa eae 16. 0 Oyicetee Sea 
RHE Fe ATS Sie aN ies) 2 13. 5 1.2 12.5 7 ie ie) 11.0 1.6 
Oi: He BA seh necks AU ees oe LE Ray) ees eee se ASH Osea acs 1OM5 Pee’ cca 3S ee eee eee 
Ds amc ane Re Eh’ 13. 0 ig 12.0 1.6 12.0 9 9.0 1. 85 7.0 2.15 
OLE Se CS ee SMe ge Nd same UO tees AZAD TE ES ot Se eee ik juice ee 
es as aS ance Sie pS Sg a LCRA Ute | sane on ers OW eesase aes eee eae 16:02 820 2] hee be eee 
Lk aa eS A ay! | sige AO See oe SE eee Soe eee RSS OU eS. Se Se ees 
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Fes (pie AE ee Ne SD HE C0 Jaap Meee ee Se V4. Oye 2o2 2 al See | RAS Seeks 1 ERs i ee ey ey Se Se 
DNs SEU Lie 2 Oe AE gts TCO ee 5 ON at eee 1S teers 13700 |S eee Soe See | eee 
DO eae ye Lee whe) dias PASO ses eee 1 Oe aoe ee oe eine Ned os Pee est 12 Oh) see. | Pee eee eee 
OO Mee eS Seas eC 14.0) jee i a) (a a i | a a Sup be) 12.0 eee eee ee a ees 
i SIE Se be wee oe 15 JO} SF ete TSAO iE SE. UE es CREE 125 Les er eee 
VA Oe Se ten ere EEG ee a Habe anh ees SAE P5ROM cee ee 13 OE Sasa A iy Fel ol Poe eens Pee re eel ee 
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: 1 Cream volume is the number of cubic centimeters of cream rising to the top of 100 cubic centimeters of 
. milk left standing for 20 to 24 hours in a straight-sided graduated cylinder. (See page 3.) 
f 2Samples 1 to 4, inclusive, were pasteurized in the laboratory, and samples 28 to 33, inclusive, were pas- 
4 teurized at the dairy hall of the division of dairy husbandry, University of Minnesota. All others were 
4 taken at commercial pasteurizing plants. 
4 


EFFECT OF HEATING MILK TO VARIOUS TEMPERATURES 


In Table 2 are shown the results of heating milk to temperatures 
varying from 138° to 148° F. All these samples were taken before 
the milk was subjected to the 30-minute holding period. 

The control samples upon which the percentages of difference 
in this table are computed were from the raw milk entering the 
heater; and in the case of vat pasteurizers, just before the heating 
medium was turned on. In some instances the milk had been clari- 
fied or pumped, or both, depending upon the routine procedure 
carried out at the plant where it was collected. 
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TABLE ils aud of heating milk to various temperatures without holding at 
pasteurization plants 


Percentage of in- | Percentage of in- \ | Percentage of in- 


] 
| crease (+) or de- | crease (+) or de- | | @rease (+) or de- 
Tempera- | Crease (—) || Tempera- crease (—) || Tempera- | crease (—) 
ture to |_—_____—__——. ture to fe Pees PO Se ri re) 
which which which 
heated |Cream| Butterfat | heated Cream| Butterfat || heated Cream | Butterfat 
vol- in under vol- inunder | vol- | in under 
ume layer ume layer ume | layer 
| } is 
| i 
ek, | 2 it | 2 oe | 
eee +6.6 | BO, Aa. f 22 jase +7.1 —36. 6 
1 is PAE ae 0 qizD: |e ss 2. —6. 6 Not tested. AAG Se ee +55. 6 —76. 5 
if PA ee +4 oa [i Sy See Ee +9.1 | Not tested. |} 146.________ —3.7 —22.7 
LE +3. 14552 Soe. +83. 3 —= 52. 8146S ee 0 | —27.5 
5 ees ee +13. 6 | Not ested jb Lice ee —3.7 Sa a a (| eV | ee +8. 3 | —62.5 
So See Ot Ea | A A aA 2 ie +8 —38. 4 |} 146.5_______- +8. 7 —30.8 
Gaps rE 3 | —3.7 —99.7 || 145.5. +13. 6 | Not tested. || 147_________ —6.6 | 433.3 
SL re eA —8.7 | Not tested. || 145.5________ +31.8 pao ce as | (Lc: eee eee | +8.3 | —62. 5 
Ges-p2o. 8 Se +4. 2 —50 dA Ss es +6. i —74 | 
Wa 5. 43.5 —45.4 | 1455.11 eee 0 | Not tested. 


| 


An examination of Table 2 shows the following facts: 
In the 11 tests at temperatures from 138° to 144.5° F., 7 sam- 
ples show increases in the cream volume ranging from 3.3 to 13.6 
per cent, 1 sample shows the same depth of cream volume, and 3 
show decreases ranging from 3.7 te 8.7 per cent. 
In the 9 tests at temperatures from 145° to 145.5° F., 6 show 
increases ranging from 6.1 to 83.3 per cent, 1 shows the same depth 
of cream volume, and 2 show decreases ranging from 3.7 to 6.6 per 
cent. 
In the 8 tests at temperatures from 146° to 148° F., 5 show 
increases ranging from 7.1 to 55.6 per cent, 1 shows the same depth 
of cream, volume, and 2 show decreases ranging from 3.7 to 6.6 per 
cent. 
Twenty-one tests of the butterfat percentage in the under layers 
are contained in this table. In all but two samples there is a 
decrease in the butterfat percentage in the under layer of milk 
ranging from 22.7 to 76.5 per cent. 
7 The decrease in the butterfat percentage of the under layer of 
_ milk in practically all of the samples seems to indicate that heating 
milk to temperatures of from 138° to 145° F. causes an increased 
separation of the butterfat. 

In several instances where the cream depth had been seriously 
_ lessened as a result of previous steps in the processing, momentary 
heating apparently restored the creaming ability equal to that of 
_ the raw, unprocessed milk. Some of the ‘apparently large increases 
found upon heating the milk were without doubt due to the fact 
that the raw milk did not show a normal cream volume. 


EFFECT OF HEATING AND HOLDING MILK FOR 30 MINUTES AT 
: VARIOUS TEMPERATURES AT PASTEURIZATION PLANTS 


Table 3 is a summary of the results of pasteurization tests at 
commercial milk plants. The table indicates the temperature to 
which the milk was heated and held, the temperature of the heating 
medium, the amount of agitation during heating and holding, and 
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the time required to heat the milk. AIl samples included in this 
table were cooled without agitation to a temperature: of approxi- 
mately 42° F. as soon as collected. 


TABLE 3.—Hffect of heating and holding milk for 30 minutes at various tem- 
peratures at pasteurization plants 


Percentage 
increase or Character of agitation 
Beebe decrease 
Vida) ————— eS 
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Cream | fat in 
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The control samples upon which the percentages of difference 
are computed were taken from the raw milk entering the heater; and, 
in the case of vat-type pasteurizers, just before the heating medium 
was turned on. Examination of the data contained in this table 
shows the following facts: 

In six tests at temper atures ranging from a maximum of 148° F. 
at the beginning to a minimum of 145.5° at the end of the holding 
period, there was in every instance a decrease in the cream volume, 
ranging from 18.5 to 41.7 per cent, with an average of 31.1. In five — 
tests of the butterfat percentage in the under layer at these tempera- 
tures, there were increases ranging from 20 to 50 per cent, 
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In 19 of the tests at temperatures not over 146° at the beginning 
and not less than 145° at the end of the holding period, 2 showed 
increases of 22.2 per cent and 9.1 per cent, and 2 showed no change, 
while 15 showed decreases ranging from 4.5 per cent to 25 per cent. 
In 6 tests of the butterfat percentage of the under layer at these 
temperatures, 4 showed decreases ranging from 18.2 to 46.6 per cent, 
while 2 showed increases of 15.6 and 36.3 per cent, respectively. 

In four tests at temperatures not over 145° at the beginning and 
not less than 144° at the end of the helding period, all showed de- 
creases in cream volume varying from 3.7 to 57.7 per cent. Three 
butterfat tests of the under layer at these temperatures showed the 
butterfat content decreased 6.1 per cent in one case, increased 7.7 per 
cent 1n one case, and remained unchanged in 1 case. 

In 13 tests at temperatures of not more than 144° F. at the begin- 
ning and not less than 140° at the end of the holding period, 4 
showed increases ranging from 3.3 to 13 per cent, 4 remained un- 
changed, and 5 showed decreases ranging from 6.3 to 11.1 per cent. 
In 7 tests at these temperatures, 2 of the butterfat percentages in 
the under layer showed increases of 12.5 and 18.2 per cent and 5 
showed decreases ranging from 3.9 to 43.7 per cent. 

The temperature of the heating medium varied from not more than 
155° F. to that of steam at 5 pounds pressure. Although the number 
of tests with the heating medium at various temperatures is not suffi- 
cient to permit definite conclusions to be drawn, with the equipment 
used in these tests the high-temperature medium did not cause any 
greater decrease than a low-temperature medium. There was no 
apparent effect from agitation during heating as ordinarily used at 
the plants; nor did the time required to heat the milk to the desired 
temperature by the various types of apparatus used at the plants 
have any apparent significance. 

It was noted that in vat or tank pasteurization, in the majority of 
instances, agitation during the holding period under the methods 
described resulted in little or no change in the cream volume as com- 
pared with holding the milk during the 30-minute period without 
agitation, 


EFFECT OF PASTEURIZING FRESH MILK 


Table 4 is a summary of 10 tests made in the laboratory on the ef- 
fect of pasteurizing fresh milk at various temperatures. It will be 
noted that in several cases there was an increase in cream volume 
for milk pasteurized at 143° F. All samples pasteurized at 145° 
showed a decrease in cream volume, with the exception of sample No. 
6, which showed a slight increase. All samples pasteurized at 148° 
showed a marked decrease in cream volume. (Compare with re- 
sults of pasteurizing old milk, as shown in Table 5.) 


EFFECT OF PASTEURIZING OLD MILK 


In Table 5 are seen the results of tests made to show the effect of 
pasteurizing milk 30 to 36 hours old that had been recreamed at 
least once. The raw old milk showed a poorer cream volume than 
raw fresh milk of the same butterfat content, so that the reduction 
from pasteurizing old milk is not so marked as in the case of pasteur- 
izing fresh milk. 
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TABLE 4.—EHffect of temperature of pasteurization on fresh milk ~ 


Milk pasteurized at— 
Raw SSS eee 
143° to 142° F. 145° F. 148° to 147° F. 
Test No. 
Butter- Butter- Butter- Butter- 
Cream fat in Cream fat in Cream fat in Cream fat in 
volume skim volume skim volume skim volume skim 
| mi milk milk | milk 
ne SO) eee eee | 15.0 0.8 14.0 0.3 13.5 0.5 9.5 1.50 
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BEST Ae ode nee e 11. O7L7- $a. 4,48 eA ae 9.0 1685 [O08 190 \ 
jee eS a ee 1655 50 15.5 50 14.5 1.00 11.0 Pa} 
POLUEE = FN) GST: | 1310); [L Se 12:0 0. Det S201 22 tw G5. (2A Te ee 
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Tests made in laboratory, heating medium never above 155° F. Time required to heat, 10 to 15 min- 
utes. Acidity of raw milk, less than 0.2 Per cent. All samples cooled to 46° F., and stored at 43° to 45° F. 


By recreaming is meant allowing the cream to rise a second time. 
That is, after the cream had once risen the sample was shaken or 
agitated so that the cream and milk were thoroughly mixed. It was 
then allowed to stand to permit the cream to rise again. 

In nearly all cases there was considerable increase in cream volume 
for the milk pasteurized at 143° F., and a slightly less increase at 
145°, over the raw milk. This increase was without doubt due to 
the fact that owing to the age and recreaming of the raw milk it had 
a small cream volume as compared with the original fresh milk. As 
shown in Tables 13 and 14, the age and recreaming of the raw milk 
tends to decrease the cream volume as compared with the fresh milk. 
The results shown in Table 5 indicate that pasteurization at a tem- 
perature of not over 145° F. tends to restore the creaming ability 
of old milk. There was a reduction in all but one instance where the 
milk was pasteurized at 148° to 147° F. (Compare with results of 
pasteurizing fresh milk shown in Table 4.) 


TABLE 5.—E/ffect of temperature of pasteurization on milk 30 to 36 hours old 
that had been recreamed—Laboratory tests 


Raw milk Milk pasteurized at— 
143° to 142° F. 145° F. 148° to 147° F. 
Test No. 

r ‘ Pes “inskim: IB f Butterfat lp fi 

volume milk Cream dae Cream a ae Cream tags at 
volume volume ce volume in skim 

milk milk milk 
Per cent Per cent Per cent Per cent 
Mp SI ih te eek 12.0 0. 65 11.5 0: Obs). 2. ee lee 
is BSW Ts Pree ts ee 10. 5 2.0 ry UR fe ee 2 9.5 1. 90 9.0 2. 00 
3. _ Jee eee 8.5 1. 00 12.0 70 10. 5 1. 20 9.0 UES 6 
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i: Fe Se es ee 8.5 1. 45 11.0 75 10. 5 1. 20 7.6 1. 95 
(De La te Sas estes 9.5 1. 50 11.5 70 9.5 1. 40 7.5 1. 80 
(epee Jaa eaten meee eee HG ylon. Peed es. See ey Peek. NO. Oo 93 . 549228] 2a ee ee 
lh Le ee eer is Es 2. 00 15. 5 50 14.5 1.0 11.0 2. 00 
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EFFECT OF PARTIALLY COOLING PASTEURIZED MILK IN VAT 
OR TANK 


At many plants using tanks or vats for pasteurization it is cus- 
tomary to cool the milk partially in the tank or vat before it is run 
over the cooler. In this way the capacity of the apparatus is in- 
creased and considerable time is saved. At some plants the milk is 
entirely cooled in the vat. In the laboratory tests reported in Tables 
19 to 21 it is shown that holding or agitating pasteurized milk for 
any length of time at temperatures between 110° and 60° F. had a 
detrimental effect on its creaming ability. 

In Table 6 is shown a summary of the results of partially or wholly 
cooling the pasteurized milk in the tank or vat. The results shown 
in this table corroborate the laboratory results shown in Tables 19 
to 21. The control samples upon which the percentage differences 
in this table are computed were from the pasteurized milk at the end 
of the 30-minute holding period, immediately cooled. The table 
shows the time and the temperature at which the milk was pas- 
teurized and the agitation to which it was subjected during the 
subsequent period prior to cooling over the cooler, and the range oi 
temperature at which it was held. At some plants where large tanks 
or vats were used the milk, after the 30-minute holding period, was 
held for over an hour in the tank or vat before it was finally cooled. 
Tt will be noted that reductions in cream volume where the entire 
cooling was done in the vat were 20 per cent 1n one instance and 23.9 
per cent in another instance. Of the 27 tests made, 10 showed no 
reduction for milk held at various temperatures before cooling as 
compared with the milk that was immediately cooled. It will be 
noted that in only 4 instances where there was no reduction in 
cream volume was the milk held at a temperature as low as 110° 
F., and in only 2 instances was it below 110° F. At temperatures 
ranging from 145° to 115° the reductions were very small. The 
results indicate that it is not advisable to cool the pasteurized milk 
below 115° to 110° in the vat, and that it should be cooled quickly 
from this temperature to below 50° over a separate cooler. 

_ There is considerable range in the reduction in the cream volume 

on milk held at various temperatures after pasteurization for various 
lengths of time. A decrease in creaming ability during this stage 
of the processing results in variations in the depth of the cream vol- 
ume in the bottled milk, as the first milk leaving the holding vat will 
show a deeper cream volume than the last milk discharged. The 
maximum reduction obtained would be noticeable to consumers and 
is perhaps one of the causes of complaints received by dealers on 
the lack of uniformity in the cream volume of their product. How- 
ever, the data obtained seemed to indicate that the temperature at 
which the milk is held after pasteurization is much more important 
than the length of time it is held. Milk held for nearly 1 hour after 
the 30-minute holding period at 145° F. in many cases showed a 
better cream layer than milk held after pasteurization for only a few 
minutes at temperatures between 110° and 60° F. 
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TABLE 6.—EHifect of holding milk after pasteurization and prior to cooling 
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1 Entire cooling in vat. 
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EFFECT OF THE TEMPERATURE TO WHICH 
AFTER PASTEURIZATION 


To determine what effect, if any, the temperature to which the milk 
is cooled after pasteurization has on the cream volume, milk was 
heated to 145°. F. for 30 minutes, and samples were then immediately 
cooled to various temperatures. Two types of cooler were used, a 
conical and a small corrugated tubular cooler. Some of the samples 
were cooled on one cooler and some on the other. Brine was used 
in both coolers, and there was very little agitation of the milk during 
the cooling process. Samples 10 and 11 were not cooled over a 
separate cooler. All samples were stored at a temperature below 40° 
I. and the readings were made after 20 hours. The results of the 
tests are shown in Table 7: 


MILK IS COOLED 


TABLE 7.—Hffect on cream volume of temperature to which milk is cooled after 


pasteurization 
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The importance of cooling the pasteurized milk to a low tempera- 
ture before placing in storage is clearly illustrated in this table. 
There was no difference in the cream volume in the sample cooled 
to 107° F. as compared with those cooled to 63° and 73°, but the 
samples cooled below 55° showed an increase. The samples cooled 
to 54° showed a cream volume of 10.5, and each sample cooled below 
this temperature showed a consistently greater cream volume, the 
largest, 11.5, being on the sample cooled to 41° F. 

The milk that was cooled in the can to 52° F. in one and one-half 
hours showed a cream volume of only 7. This illustrates the fact, 
elsewhere shown, that the cream layer is injured by slow cooling 
through certain temperatures, and is comparable to vat cooling to a 
temperature below 50°. 

There was no difference between the cream volume of the raw 
samples that were cooled and those that were set in storage room at 
a temperature of 70° F., the temperature of cooling apparently 
having less effect on the raw milk. 

In Table 8 are shown results of cooling pasteurized milk imme- 
diately to various temperatures, and of cooling to various tempera- 
tures slowly in the can and then cooling immediately to 45° F. over 
a separate cooler. 


TABLE 8.—Effect of cooling pasteurized milk to various temperatures at once, 
and of partially cooling in tank 
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These results also show the advantage of cooling milk quickly 
after pasteurization to a low temperature. The cooling in the tank 
to 80° F. did not seem to injure the cream layer. This cooling was 
done more quickly, however, and with less agitation than is the case 
with commercial vat pasteurizers. (See Table 6 in regard to cooling 
in vat. 

EFFECT OF STORAGE TEMPERATURE 


The temperature at which the milk is stored has an important 
bearing on the creaming ability. Duplicate samples of both raw 
and pasteurized milk were stored at two different temperatures, one 
at a low temperature of 38° to 48° F. and the other at a compara- 
tively high temperature of 50° to 60° F. The results are shown in 
Tables 9 and 10. With nine tests on raw milk, the difference in 
cream layer between the samples of milk stored at the two tempera- 
tures was 28.6 per cent. 

In the pasteurized milk there was not so great a. difference in 
cream volume for the two temperatures. The average difference in 
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favor of the colder temperature for 12 samples of pasteurized milk 
was 10.9 per cent, varying from 0 to 24 per cent. 

These tests show the importance of maintaining a low tempera- 
ture in the storage room. This factor, according to these experi- 
ments, has a greater effect on the cream volume than has the heating 
and holding of the milk at 145° F. For this reason it is extremely 
important to store milk at a low temperature after pasteurization. 


TABLE 9.—Ejffect of storage temperature on raw milk 
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TABLE 10.—Effect of storage temperature on pasteurized milk 


Decrease at Decrease at 
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EFFECT OF STORAGE TEMPERATURE ON RAPIDITY OF CREAMING 


Table 11 includes the results of laboratory tests to show the effect 


of various storage temperatures on the rapidity of creaming. It 


will be noted that at all three storage temperatures the pasteurized 
samples, excepting those pasteurized at 148° to 147° F., as a rule 
showed as much or more cream volume after the first hour as after 
20 hours. The lower storage temperature was of more importance 
in the case of the raw milk than in the case of the pasteurized. It 
will be noted that, while the pasteurized samples stored at the lower 
temperatures showed greater cream volume than those stored at 
the higher temperatures, the difference in favor of the lower storage 
temperatures was much greater in the case of the fresh raw milk. 
At the higher storage temperatures the raw samples showed less 
cream volume after 20 hours than the pasteurized samples, except- 
ing those pasteurized at 148° to 147° F. 
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TABLE 11.—E/ffect of various storage temperatures on the rapidity of cream- 
ing—Laboratory experiment 


[All samples cooled to 42° F.] 


Stor- Cream volume after number of hours indicated 


Test Character of milk | tem- 
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RAPIDITY OF CREAMING OF RAW AND PASTEURIZED MILK 


In Table 12 are given the results of laboratory tests to show the 
rapidity of creaming of raw and pasteurized milk; all samples 
were cooled to 42° F. and stored at 48°. It will be noted in this 
table as well as in Table 11 that the pasteurized samples, excepting 
those pasteurized at 147° to 148° F., showed a greater cream volume 

after 1 or 2 hours than did the raw milk, and also greater than the 
same samples showed after 20 hours. 

In other words, the tests indicate that pasteurized milk, especially 
when it is heated to not over 143° F. for 30 minutes, may have an 
inflated cream volume after about 2 to 5 hours, but that this gradu- 
ally contracts as the storage period is prolonged. 

The fresh raw milk showed a greater cream volume after 2 or 3 
hours than it did after 20 hours, but in the old raw milk the maxi- 
mum cream volume appeared after storage for 20 hours. These 
tests have an important bearing on experimental work to determine 
the effect of pasteurization on the creaming ability of market milk. 
In case the samples are examined after 4 or 5 hours the pasteurized 
milk will in nearly all cases show a greater cream volume than the 
raw milk. In the case of tests Nos. 2 and 3 the old raw milk showed 
an abnormally small cream volume for the butterfat contained, and 
for that reason the pasteurized samples had greater cream volumes 
than the raw. excepting those pasteurized at 147° to 148° F. 


= iPr 
Eee 


" 4 
| 


14 BULLETIN 1344, U. 8. DEPARTMENT OF AGRICULTURE 


TAPLE 12.—Rapidity of creaming of raw and pasteurized milk—Laboratory 
experiment 


[All samples cooled to 42° F. and stored at-48° F.] 


2 Cream volume after number of hours indicated 

7 Character of milk 

& % 1 1% 2 2% 3 3% 4 5 7 20 
IS iiitresh raw. 5 3) ee il 5 9 9.5 | 10 Ovo Los oe tt 11 11 10 

1 | Pasteurized at 143° to 142° F____| 0} 12 Tay ey APT Bay ae ae ay iS. By Tish ay | ales Gs | aie IS 
1 | Pasteurized at 145.75° to 145° F__| 0] 7 Qe eter e | eaotenem mel 12 12 12 12 10.5 
1 | Pasteurized at 148° to 147°F_____ (Oy ey 7 85:) 9 9 9 9 9 8.5 
Qh Oldirawe Oo xkb Io eek wb a ee 0| O 0 3 6.3: | Gsonl) 4 8 8 8 8.5 
2 | Pasteurized at 143° to 142° F____- 0} 11 IPA By | PA GY | 1e 23) | ae ls) |) Ps | Tess |] 1122 12 iltl 

2 | Pasteurized at 145.5° to 145° F___| 0 6 10 TONS) 1 11 11 ll 11 11 10. 5 
2 | Pasteurized at 148° to 147° F____- 0; 0 0 3 Ay SOs Dal Os OnINEG 62576. 5 | 2 e5 
StMOld rawies ew wae A as 0; 0 0 4.5] 6 7 (ei Du lerdal eed ed |S 8.5 
3 | Pasteurized at 143° to 142° F_____ 0; 11 13 13 13 13 13 13 125551255 
3 | Pasteurized at 145.5° to 145° F___| 0} 6 7 8.5 1825 I Son 8. 59 9 10 9.5 
3 | Pasteurized at 148° to 147° F_____ 0; 0 0 3 425) ZOO 25s Biker os on MeOato elisa eda 
40t Hresh Ta wk ae eh OG ok 0; 0 18 18.5 | 19 19 19 18.5 | 18 18 16. 5 
4 | Pasteurized at 143° to 142° F_____ 0} 17.5 |} 47.5 ) 18:5 | 18.5 1 18.5) 18 Dello lige On| loee 
4 | Pasteurized at 145.5° to 145° F___| 0} 15 15.5 | 16 16 16 POTN Os Olledios On los alae 
4 | Pasteurized at 148° to 147° F____- 0} 3 6 8 9 Oba Qonle Ord: PaO ll 


EFFECT OF AGE AND RECREAMING OF RAW MILK 


Tests were made in the laboratory to determine what effect, if 
any, the age and the recreaming of raw milk have on its creaming 
abilit 

In Table 13 are shown the results of these tests. The same milk 
was used in all cases, the only difference being in its age and the 
number of times it had been recreamed. Sample No. 1 was fresh 
milk three hours old and showed a cream volume of 13. Sample No.2 
was recreamed when six hours old and showed a cream volume of 
12. Samples 3 and 4 also showed a cream layer of 12, though re- 
creamed twice and three times, respectively. It appears from these 
results that recreaming once has as much effect as recreaming two 
or three times. Sample No. 5 was recreamed four times, while Nos. 
6 and 7 were recreamed only once and twice, respectively. All three 
samples were of the same age when set and when read, and each 
showed a cream layer of 10.5, indicating that the age of the milk 
has as much effect as the recreaming after one creaming. Prac- 
tically the same results were obtained with the experiment shown 
in Table 14. Here again the oldest milk that had been recreamed 
only once showed a poorer cream layer than the fresher milk that 
had been recreamed two or three times. 


TABLE 13.—H/ffect of age and recreaming on raw milk—EHeperiment No. 1 
[All samples cooled to 45° F. and stored at 43° F. Butterfat tests of all samples were 3.75 per cent] 


Cream volume 
after 24 hours 


Age ‘ 
when Times Bates Gone 
Sample No. Age eream re- Adee In 100 a 
volume | creamed} “2C¢! = Ne 
=] layer c. c. of with 
ue milk original 
milk 
Hours Hours Per cent Per cent 
LS Pa eee A oa AEE a ye Se OA 3 27 OT ees eee ee 13. 0 100. 0 
Dee Deno Rg.) te 2s SRO = A Be a Biot ST 6 30 Ls Gee eee 12.0 92.3 
SPP eC Se Ole Se Se SA ERD Pee eee Oe nes ao 9 33 2 A 12.0 92.3 
Let ee De Sage, e et ee ee NEE! See Ae SRL 11 35 3 1.4 12.0 92. 3 
Li) Sete aid 2p aedel al OE lad Soy I «lta 9g a2 Wd ere 27 51 4 145 10. 5 80. 8 
(eRe s eRe aad, ae) SOAS a ketene Pe 27 51 1 1.4 10.5 80.8 
2 1.4 10.5 80. 8 


THE CREAMING ABILITY OF MARKET MILK 15 


TABLE 14.—Effect of age and recreaming on raw milk —Experiment No. 2 


[All samples recreamed at 45° F. All samples cooled to 45° F. and stored at 43° F.| 


Cream volume 
after 20 hours 
Age 


Butter- | Butter- | 


when Times made Re 
Sample No. Age cream re- oy ate ee ’ Com- 
volume | creamed lk lawor In 100 pared 
read He ae c. ¢. of with 
milk original 
milk 
Hours Hours Percent | Per cent Per cent 
Tote PE Eee ah aie alg 8 beamed 7 27 0 4.05 isal 13.0 100. 0 
De ae Ace ye a a a gE cae ea Rl 10 20 ANd bag Vg oor Lc ah TES 88. 5 
3 te eee ae ee Ae eee 13 33 Zi Ness epee 2.0 10. 5 80. 8 
7 We Wd ope ne ada SPL espe aes, te oe 16 36 Bal epee: a 250 1OXS 80.8 
Fut SSG WEE SADR Sheree eee eee 31 51 4 4.1 1.4 10. 0 76.9 
(Di Sas, 5 A Pees Ca kit re rer 31 51 1 4.1 153) 10. 0 76.9 


EFFECT OF RECREAMING PASTEURIZED MILK 


In some localities milk is pasteurized at a central plant and sent in 
bulk to branch plants where it is bottled. In other cases the milk 
may be pasteurized in the country and then shipped to the city 
where it is to be bottled. 

In order to determine what effect the recreaming of milk after 
pasteurization has on the cream volume, several tests were made at 
commercial milk plants. A sample from a bottle of freshly pas- 
teurized milk used as a control was placed in storage for 20 hours in 
the graduated cylinder. The original bottle of pasteurized milk 
after standing for 24 hours in the milk-storage room was thoroughly 
shaken, and a sample from it was placed in the graduated cylinder 
and set in storage for 20 hours. The samples were all cooled to 45° 
F. and held in storage at approximately 40° F. The results of the 
tests are shown in Table 15. It will be noted that the cream volume 
on the recreamed pasteurized milk was considerably less than on the 
control samples, the percentage of decrease varying from 9.1 to 36.4. 
The butterfat tests checked in all cases. 

These tests illustrate clearly the detrimental results as to cream 
volume of recreaming pasteurized milk after it has stood for 24 
hours. Although the practice of bottling milk that has been pas- 
teurized the previous day is not common, the objection to this prac- 
tice from the standpoint of cream-volume results is clearly shown. 


TABLE 15.—Effect of recreaming pasteurized milk 


Decrease in 


Control Recreamed after 24 hours pnbardiaalnate 
Test No. 
Tem- | Age | Cream| Tem- | Age Cream 
pera- | when Butter vol- pera- | when Butter- ol- |Amount ee 
ture read ume ture read ume 
2 fh Hours | Per cent oF Hours | Per cent 
freee ee cee 45 28 3. 95 1355 4 52 Sn 15 11.0 220 18.5 
DLP TR ahs eee Fem ae B 45 36 3.6 9.5 45 60 3. 6 6.5 3.0 31.6 
TALS AE PERO ees a 45 36 BH 5) TMS 45 60 3.6 9.5 Pst) 17. 4 
(th OSE eee eee 8 45 36 3. 6 11.0 45 60 3.8 8.5 2.5 22.7 
MAS Ee ee ee 45 36 3h if 11.0 45 60 Bt Uf 7.0 4.0 36. 4 
1 Eee Sines. 45 36 3.6 9.0 45 60 3. 6 7.0 2.0 22: 2 
Renee Peet. ey ye 45 60 oF 11.0 45 84 3% 10.0 1.0 9.1 
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EFFECT OF PUMPING MILK 
LABORATORY TESTS 


Experiments were conducted to determine the effect of pumping, 
if any, on the creaming ability of raw and pasteurized milk. Four 
types of pumps were installed and milk was pumped through each 
at various temperatures. The following types of pumps were used: 
(1) Rotary pump (about 800 r. p. m.); (2) centrifugal pump (about 
1,800 r. p. m.); (3) piston pump; and (4) piston pump (valveless). 
The results of these tests are shown in Table 16. 


TABLE 16.—Effect of pumping milk at various temperatures 


Cream volume 


Temper- | Temper- 
ature at | ature to 


Sam- : . Pumped through— 
ste which which | Control 
ple Description sample cooled sample . 

; was efore efore oe 

SEIS GL0GR fae Centrif- | Piston | Rotary bn 
in DS 
2 pump et pomp pump 
alt) o FF. 
|} Oldrawee ia ae. Ra hiee © 36 38 14.0 12. 0 13. 0 14.0 13.0 
7A ees CO S822 Nlnatss SS ee 38 38 14.0 12:5 E205 34 Bee 11.0 
3 | Old raw, heated__.______ 84 46 5. 0 6. 0 6. 0 5. 0 10.0 
7 Ses gse kA: AEE 70 46 10.0 1225 11.0 1020) }2 Ae 
5, | cbesh Traw-2) eee 60 60 15. 0 14.0 15. 0 LS? Ole on ee eee 
Gils ses GOB Nan sate 60 46 14.0 13. 5 14.0 fF 0 fol pean eae 
7 | eee GONE Fee es Cae TE 80 80 15. 0 14.0 14.5 40 OF RES eye sey 
S2[ ae = GOtse te ae eee 80 46 13. 0 14.0 14.0 1326.|- 2 Seep 
9 | Fresh pasteurized_____-_- 145 46 TQ: Ob eae 7 eee 9. 0 10, Qb/2s2232 32 
10 | Old pasteurized_________ 145 46 12.0 10. 0 11.0 Ei eee 
Ae = COS Se Sane Panes 110 46 11.0 10. 0 10. 0 11.0 11.0 
1 eae (O(0vs ee eon Ar ae ee ays Oe 108 46 12. 0 10. 0 11.0 11.0 12.0 
iS esse 2 doh .. Saees 54 46 12.0 11.0 10. 0 12. 0 10.5 
a oo Be CoP REP ae 48 48 9.0 7.0 8.5 5 8.0 
ASH GOS ee eae ee 45 45 U2 OAS. oat Se ee eee eee 12.0 
16 | Old pasteurized, cooled 

inva tonlOscuhy 222) 8 45 45 8.0 8.0 8.0 a Oe wks eae: & 


Sample No. 1 was old raw milk, and pumping it at 36° F. affected 
the cream volume only slightly. Sample No. 4 was the same as No. 1, 
except that the milk was heated to 70°. The control as well as the 
pumped samples had less cream volume than sample No. 1, as did 
also sample No. 3, heated to 84°. 

Sample No. 2 was old raw milk taken from the storage room at 
38°. It will be noted that pumping seemed to have a detrimental 
effect on this milk. The control sample was immediately placed in 
storage and showed a better cream volume than any of the pumped 
samples. | 

Sample No. 3 was old raw milk heated to 84° F. The cream layer 
was considerably injured on the control as well as on the pumped 
samples. The cream volume on a sample of this milk before it was 
heated was 14. This corroborates the results in other tests, which 
indicate that agitation of milk at certain temperatures has a detri- 
mental effect on its creaming ability. 

Sample No. 5 was cooled immediately from 80° to 60° F. The 
milk was pumped through the various pumps at 60°, and the samples 


were placed in storage without further cooling. It will be noted # 


that a better cream volume was obtained on the No. 5 samples when 
they were not cooled than on the No. 6 samples which were cooled 


' 
| 
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to 46°. Agitation at that temperature (60° F.) apparently injured 
the cream volume. 

Sample No. 6 was cooled from 80° to 60° F., and after pumping 
the pumped samples were all cooled to 46° and placed in storage. 

The No. 7 samples were pumped at 80° F. through the various 
pumps, and the samples with the control were placed in storage 
without coohng. Pumping affected this milk only slightly. 

The control on sample No. 8 was cooled from 80° to 46° F. before 
placing in storage. The milk was pumped at 80°, and all samples 
were cooled to 46°. The cream volume on the control sample in this 
case was apparently injured by the agitation in handling and in 
cooling. It will be noted that the No. 8 sample, after being pumped, 
had practically the same cream volume as samples 5, 6, and 7 after 
being pumped. : 

Pumping pasteurized milk at 145° F. (samples 9 and 10) had 
little effect on the cream volume with any of the pumps used. 

Sample No. 11 was milk cooled in the vat after pasteurization to 
110° F. Two of the pumped samples were only slightly lower in 
cream volume than the control, although all samples, including the 
control, had a greatly decreased cream volume compared with the 
original milk. 

Sample No. 12 was old milk pasteurized and immediately cooled 
to 108° F. before pumping. Pumping at this temperature had a 
shght effect on the cream volume. 

Sample No. 13 was the same as No. 12, except that it was cooled 


to 54° F. The samples after being pumped at 54° were cooled to 


46° before placing in storage. Pumping the milk at this tempera- 
ture also had only a shght effect on the cream volume. 

Sample No. 14 after pasteurization was cooled slowly. The 
pumped samples showed a cream volume slightly less than the con- 
trol samples, although the cream volume of all these samples was 
decreased considerably as a result of the slow cooling. 

The results of the tests on pumping milk with the four pumps 
indicate the following: 

1. Pumping raw milk at temperatures between 36° and 50° F. and 
pasteurized milk at 145° had practically no effect on the cream vol- 
ume. These are the temperatures at which milk is most commonly 
pumped at commercial plants. 

2. Pumping and agitation at certain temperatures, especially be- 
tween 110° and 60° F., caused a reduction in the cream volume. 


EFFECT OF PUMPING RAW MILK AT COMMERCIAL PLANTS 


Further tests were conducted at milk plants to determine the 


effect of pumping raw milk under commercial conditions. The 


‘results at plants where the raw milk was pumped are shown in 
Table 17. The control samples upon which the differences in cream 
volume are computed were raw milk collected from the receiving vat 
immediately after being emptied from the producers’ cans and. just 
prior to pumping. A summary of the results obtained in the inves- 
tigations shows that in seven instances there was no change in the 
cream volume, while in most of the other cases the percentage of 
decrease was small. The average loss in cream volume on the 13 tests 
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included in these tables was 2.3 per cent. At the plants investigated 
pumping raw milk from the weigh can to the receiving vat. caused 
only a slight reduction in the cream volume. 


lh i ee ee 


TABLE 17.—Effect of pumping raw milk at commercial plants 


Great vahunen Decrease in cream 


eS SEF Se a eo oe eos 
5 


volume 
Test number pera- Type of pump 
ture 
Control | Pumped } Amount | Per cent 
een 
; TPE: ee I Sy ig 70 14. 75 14. 50 0. 25 1.7 | Rotary, 180 r. p. m. 
WS a WS SON ERLE 2 Ee 67 17.0 17.0 0 0 Centrifugal, 1,500 r. p. m. 
j Feat Des ey 66 16. 0 16. 0 0 0 Do. 
LE of ie oe a: OE 44 14. 0 14.0 0 0 Do. 
, GPE See a sae le rat ae 61 10 13.5 0 0 Piston, 251s: Dp. m. 
i (1 eee me Ie 47 14. 75 14.0 . 75 5.1 | Centrifugal, 1,500 r. p. m. 
{ (Rei) Pane Bae ee el 32-46 13.5 13. 5 0 0 Do. 
Ste cone 2 epee eas 70 16. 0 15.0 1.0 6.3 | Rotary, 180r. p. m. 
, 8 a Se pe eal 33 13. 5 13:5 0 0 Centrifugal, 1,500 r. p. m. 
; Oe ee eer 43 12. 0 11.5 5 4.2 Do. 
; AL A Ngee cn cate 64 14.0 14.0 0 0 Piston, 24s. p. m. 
if DED SE EP Eee SEL E 60 13.0 12. 5 ~5 3.8 Do. 
t 11S a pat er na 63 16.0 14.5 ees 9. 4 Do. 


1 Tn all cases the butterfat of the control and pumped samples was the same. 
i, EFFECT OF PUMPING PASTEURIZED MILK AT COMMERCIAL PLANTS 


| Seven tests were conducted at commercial plants where the milk 
was pumped after pasteurization. The results are shown in Table 
18. It will be noted that there was no reduction in any instance as 
a result of pumping the milk. Sample No. 5 showed a slightly 
ereater cream volume after pumping, which was undoubtedly due to 
experimental error. In all cases the butterfat tests of the control and 
: pumped samples were the same. Although the number of tests made 
| is comparatively small, they plainly indicate that pumping pasteur- 
ized milk at temperatures between 145° and 115° F. has no harmful 
; effect on the creaming ability of the milk. The results corroborate 
| ' the laboratory tests shown in Table 16, where it was found that the 

cream volume was only slightly affected by pumping the hot pas- 
teurized milk. 


TABLE 18.—Effect of pumping pasteurized milk at commercial plants 


Increase or de- 
Tem Cream volume crease is cream 
; volume 
Test No. perature Type of pump 
Control | Pumped | Amount | Per cent 
° F. “t ACU iy TLE eae, 
Ne Ee a ee re 149 11.5 11.5 0 0 Centrifugal, 1,500 r. p. m. 
Pea ae eta sar 129 11.5 11.5 0 0 Do. 
Se ee ee 120 13.5 113.5 0 0 Rotary, 180 r. p. m. 
Qik be. ee 120 13. 0 113.0 0 0 Bo: 
a yitpue ye ees ae 115 10. 8 11.0 +0. 5 +4.7 | Piston, 80s. p. m. 
Giake Aas 115 12.0 12. 0 0 0 Do. 
Tipe te 2 ee 115 15.0 15.0 0 0 Centrifugal, 1,800 r. p. m. 


1 Also filtered. 


EFFECT OF HOLDING MILK AND OF AGITATING IT AT VARIOUS | 
TEMPERATURES BEFORE AND AFTER PASTEURIZATION 


The tests on the effect of pumping milk indicated that the tem-_ 
perature at which the milk was pumped was of much more impor- 
tance than the pumping itself. Tests were therefore undertaken to 
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determine if possible the critical temperatures at which it is detri- 
mental to the cream volume to handle or agitate milk. 

Milk was heated in a can which was placed in hot water at a 
temperature of not over 155° F. Three samples were taken at 
various temperatures while the milk was being pasteurized and 
while it was being subsequently cooled. The first sample in each 
group was cooled at once to 46°, the second was allowed to stand 
without agitation for 30 minutes and then cooled to 46°, and the 
third sample was agitated for 30 minutes and then cooled to 46°. 
The results of the first two tests are shown in Tables 19 and 20. 

The data in the tables seem to indicate that holding milk or agi- 
tating it for any length of time at temperatures between 60° and 
120° F. has generally a detrimental effect on the cream volume. 
The most marked effect at these temperatures occurred in the milk 
after pasteurization. Samples 5 and 6 in Table 20 were set at 130° 
and 120°, respectively, but before the expiration of the 30-minute 
holding period the temperature had dropped to 110°; this may ac- 
count for the decrease in the cream volume in these samples. 


TABLE 19.—Hffect of holding milk and of agitating it for 30 minutes at various 
temperatures before and after pasteurization—First experiment 


[All samples cooled to 46° F. before being placed in storage] 


| Cream volume after 20 hours 


pate ea Allowed | Held and 
ple Description which | Control | t© Stand | agitated 


one-half | for one- 


No. held and} (cooled Paws 
agitated | at once) | hour be- half hour 
ing cooling 
oe 

1 | Fresh raw milk, butterfat 4.95 per cent______._________- 60 17.5 10. 0 14.5 
Tall ecatedhhO (Op ee waar A wee eee Ke Ld 70 17.0 18.0 16.0 
BS |) TBI Rao LTH 2 ere el oa alt Oy hes reeleca mne Rre leas Bas 80 17.0 17.5 16.0 
4 | Heated to 90°_________ foe Sa = 5325258 Ss 555225556 see secs ae 90 16.5 15.0 15.5 
5 jj Heated ‘and held 30 minutes... .-- 2. 542.-_.----+4--.. 145 16. 0 16.0 15.0 
6 | Pasteurized milk cooled in tank to 90°__________________ 90 16.0 13.0 13.0 
7 | Pasteurized milk cooled in tank to 80°___.______________ 80 16. 0 1a5 13.0 
8 | Pasteurized milk cooled in tank to 70°_____-___________- 7 15.0 13.0 12.5 
9 | Pasteurized milk cooled in tank to 60°_____-____________ 60 13.5 14.0 12) 5 


TABLE 20.—Hffect of holding milk and of agitating it for 30 minutes at various 
temperatures before and after pasteurization—Second experiment 


[All samples cooled to 46° F. before being placed in storage] 


\ Cream volume after 20 hours 
;Temper- 

Sam- ature at Allowed | Held and 
ple Description which Goutrol to stand | agitated 
No held and (cealed one-half| one- 

agitated aHorce) hour be- | half hour 

ONCE? |\fore cool-| before 

ing cooling 

ok 

ie ekowe milk pubberiat.3-60 per, cent. =--2=--—.-- .2- 5-428 45 1480 [in ae |S eee 
rj | tag AGES TENG ich 10 Sn lee a en eg ae Aiea 60 14.0 12.5 13.0 
AVY SS TG GIG oes we Mn eae eee CRED, 2a ve Dane ey Ae Re Bg 7 13.5 12.5 11.0 
Ai eated tons tOL SOLINMUTeSS 3. oe 145 1 OV esr 11.0 
5 | Cooled to 130° (110° at end of holding)_._______________- 130-110 11.0 10.0 9.0 
6 | Cooled in can to 120° (110° at end of holding) _.___._____ 120-110 11.0 9.5 9.5 
Eee OOlE ELI aIT COLI Oct erie es ee ee 110 11.0 9.0 8.5 
Sale @ooledsmrean to100t 2. 92 62 Shee elk eesti eee 25: 100 11.0 9.0 8.5 
MIM OO hedeb nun TOs0U +. ba oo see eS BAS eee Re 90 11.0 8.5 8.5 
LOPE G@inoleds ns Galt to SOS she Ske he Ee he a 80 10.5 8.0 6.5 
i | Copledin’can to -70?__ 2.222228 Jj SRLS SESE eek hae eee 70 9.0 8.5 ahd 
ROA COOaCEnACHIN LO U0 t-te ee oe ne ee ee 60 9.0 8.0 8.0 
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In Table 21 are shown the results of a similar test where the 
samples were held and agitated for 15 minutes. The results are 
similar to those in the previous tables, except that during the heating 
period the holding and agitating had very little effect. Samples 
that were held and agitated for 15 minutes at various temperatures 
between 90° and 60° F. after pasteurization showed a decrease in 


cream volume, as was also shown in Tables 19 and 20. 


TABLE 21.—Effect of allowing milk to stand, and also of agitation for 15 minutes 
at various temperatures before and after pasteurization 


[All samples cooled to 45° F. before being placed in storage] 


Cream volume after 20 hours 
Tempera-|- 

Sam- ture at Held and 
ple Description which Control | Allowed | agitated 
No. held and| (cooled | tostand | for 15 

agitated | at once) | 15 min- | minutes 

utes before 

cooling 

Ay Be 

1) Breshimilk? butterfat 4:95) pericents= ste se ee 48 17 Sk [SN RCRA NL Sree 
OM IEA ECE TO) 10 GD 2s eee RE NSS: Se ee LR RS Se 7 18.0 fase Nite 
S32 fe ated boiS ie see Ms Rs es ae ED ae gs a Ae 85 17.0 16.5 15.5 
Ai Gated bo'G2 ee x2 ei Skil Ae ret Sree Rea ek hee ene a ate 92 17.0 17.0 16.5 
Dyleveated:toulQ0 ges ieeter ho. he Ek, See oe SEESE es Rue ee 100 17.0 16. 5 16.5 
Ge Meat ed: GOEL G Ss ene Bee ee aye ae oe Pee pe Ar 110 17.0 16.5 16.5 
Valelested: tod200 2 22 5 oe ages eras arte ig re ae Se ee SO ce 120 17.0 17.0 17.0 
Sulpeleated:toyl spas ae eee 2 ey Se pean eet a Se Wer Ryn Sy = 130 17.0 17.0 17.0 
OR Seated to.l45p. Whee to 4 Sian a Ss AS Bey eee ee 145 TOW ecco o el ee 
Db Leer lirO es iioye Si) rsavoaoRsy Pe 145 163 Of 528 eee oa eee 
ia A@ooled im. cantvOWOcewmen = see aes eee eee I ge 90 14.0 12.0 12.0 
2B Cooleau nicanvtoriOe senses yh eee Ly Aes es a 70 13.5 125 12.0 
IEC ooledan. can vOiG02 sso coe Se ee Ore ie 60 | 13. 0 1235 12.5 


The data in Tables 19, 20, and 21 indicate clearly that holding or 
agitating milk for any leneth of time at temperatures between 120° 
and 60° after pasteurization has a detrimental effect on the cream 
volume. ‘The effect of such holding and agitating on samples taken 
at different temperatures while the milk was being raised to the pas- 
teurization temperature was much less marked. The data plainly 
indicate that it is not advisable to cool milk in the vat below 120° 
to 110° F; it should be cooled from that temperature to below 50° 
over a separate cooler. The data also indicate, though less emphati- 
cally, that the milk should be heated during pasteur ization from 60° 
to 110° F. as quickly as possible and with a minimum of agitation. 
Agitation of the milk at 145° had very little effect on the cream vol- 
ume. It will be noted that at temperatures between 110° and 60° F. 
the milk that was agitated had a poorer cream volume than that 
which was not agitated ; also that in all cases the milk that was held 
without agitation at temper atures below 120° showed a poorer cream 
volume than that which was immediately cooled. 

The results of these tests have a practical bearing on the commer- 
cial handling of market milk. They show clearly the advantages 
of cooling milk quickly after pasteurization, with as little agitation 
as possible between the temperatures of 120° and 60° F’. They indi- 
cate that it is detrimental to pump the milk at these temperatures 
and also to cool in the vat below about 120° F. after pasteurization. 
Best results are obtained by cooling from 120° to below 50° over a 
separate cooler. 
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EFFECT OF CLARIFYING RAW MILK 


In Table 22 are shown the results of clarifying milk at commercial 
plants. The control samples from which the differences in cream 
volume are computed in this table were from the raw milk just prior 
to entering the clarifier. In some instances it had been pumped, de- 
pending upon the routine practice at the particular plant. The re- 
sults indicate that clarification of raw milk at a temperature of ap- 
proximately 60° F. does not materially affect the cream volume. Of 
nine samples clarified at 60° F. to 64° F., four showed no change in 
cream eh i while the other five showed decreases ranging from 
3.6 to 7.7 per cent, the average decrease for the nine tests being 3.6 
per cent. This slight decrease in itself would be of practically no 
commercial importance, but it is a contributing factor; and, if added 
to other steps in the processing which also decrease the cream vol- 
ume, it must be recognized as important. 


TABLE 22.—Effect of clarifying raw milk at commercial plants 


| 

Control milk | Clarified milk |Tncrease or decrease | GE oO 

Test No. pees pes ees ore eae ore Aa ae butterfat 

ream utter- ream utter- of under 

volume fat volume fat Amount | Per cent layer 

le? Per cent Per cent Per cent 
eee ee ee 62 14.0 3.6 14.0 3.6 0 0 Not tested. 
7) 5 TRS che SUE i eS | 62 ap 33, 7/ 1185, 4) Soll 0 0 Not tested. 
Saree nee ee 64 14.0 37/ 13.0 ay t/ —1.0 —7.1 | Nottested. 
ioe Sa ee eee Be 60 13. 0 3.8 12.0 3.8 —1.0 —7.7 | Nottested. 
|p Nae 9 =e I ee 62 i KO aie ek Dee gear I Sop [ome eee 0 0 Not tested. 
|e, ied eS ay Se eee ae 46 14.0 ah io) 13.0 3. 85 —1.0 —7.1 +14.3 
7/3 Shae he sh ee eS 64 14.0 3.8 13. 5 ad =F 5 —3.6 | Not tested. 

oy ne eS ae 64 16. 0 3.5 15.0 3.6 —1.0 —6.2 +33 

(ee fee eee ee 88 1D es aes oan —1.0 —8.0 +33 
JI, t Replica Serr et Set aa 88 13.5 Er) 11.0 ah —2.5 —18.5 | Not tested. 

1 FO ek ee a ae ee ees ee 47 14.0 3.95 13.5 3.9 — .5 —3.6 +10 
bP Assz oh Raa Sage ip Cec me 46 13:5 4.0 1A) 4.0 —1.0 —7.4 +18. 1 
TORE Seek Feet SST. 70 15.0 3. 65 14.0 3. 65 —1.0 —6.6 +22. 2 

1k oie Se eee) peer © 60 iB, Ss 37) Sa Ba 0. 4 0 0 
liiytee se Ok ELE Se -0 ao 12.0 ell —1.0 —7.7 +6. 6 
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Only two tests were made at plants where the milk was clarified 
at 88° F. At these two plants the cream volume was decreased by 
8.0 and 18.5 per cent, respectively. 

It is impossible to draw definite conclusions from so small a 
number of tests, but the results of those that were made indicate 
that there is only a slight decrease in cream volume when milk is 
clarified at approximately 60° F. or below, whereas at the higher tem- 
peratures there is more danger of injuring the cream volume. 


EFFECT OF FILTERING MILK 


Mechanical filters to remove the insoluble dirt from milk have been 
developed to a considerable degree in the past few years. At some 
plants the milk is filtered before pasteurization, although the more 
common practice is to filter it after it has been heated to 145° F. o 
after it has been heated and held. 

Only one test was made at a plant where the raw milk was filtered. 
At this plant the milk was preheated to 70° F. before being pumped 
through the filter. A sample taken between the pump and filter 
showed a cream volume of 14.5 5, whereas a sample taken at the outlet 
of the filter showed 14, or a reduction of only 3,4 per cent, 
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Five tests were made at plants where the pasteurized milk was 
filtered. The results are shown in Table 23. 

The control sample was taken just before the milk entered the 
filter, and with the exception of test No. 1 the filtered sample was 
taken at the outlet of the filter. 

It will be noted that there was a reduction in cream volume in only 
one instance, test No. 1. In this instance the sample was taken 
after it went over the cooler, which may have been the cause of 
the decrease in cream volume. In all cases the milk was filtered 
before it had been cooled below 115° F. These investigations would 
indicate that filtering hot pasteurized milk has little, if any, effect 
on the cream volume. 


TABLE 23.—Lffect of filtering pasteurized milk 


Increase or decrease 


| Cream volume after filtering 


Test No. pea a | Pumper | 
Control | Pumpe an 
milk’ || milk |) filtered ha 
milk 

ngey aaa Seiad Geran Ra ee eee 
[emer ee hee e wk Ati snn QU SS eupy Aka See 149 1 it 5) bie 110.0 —1.5 —13.0 
DIAL 8 St SEO Wig Beane ORS I eager Reo 5a ae 12 HES 9ta fo | eee ish /s 0 0 
See ee aia ge Ae ae eS ae ee ae ee 120 erres 13.0 13.0 0 0 
As epe ERR Fh ee a ae ee ee ee 115 10. 5 11.0 11.0 0 0 
Dine pte et 2 LE CURLS agen eee Ee) C ievee Mee SRL FER 115 12.0 12.0 12.0 0 0 


1 Sample taken after milk went over the cooler. 


INFLUENCE OF VARIOUS SHAPES OF MILK BOTTLES ON DEPTH 
OF CREAM LAYER 


It has been noted that there may be considerable variation in the 
depth of the cream volume in the same milk, if placed in bottles of 
different heights and shapes. In many cities there are no bottle ex- 
changes and the dealers do not have a uniform stock of bottles. 
Some plant owners purposely purchase bottles designed to extend 
the depth of the cream layer, and others apparently do not consider 
this feature. The bottles rapidly become interchanged between deal- 
ers, and as a result each pasteurization plant uses bottles that vary 
considerably in shape and height. 

Figure 1 shows various-shaped milk bottles and the variation in 
the depth of the cream layer which results. Equal quantities of the 
same milk were placed in these bottles and they were allowed to 
stand at a uniform temperature for 20 hours. A measurement of 
the depth of the cream layer is as follows: 


Rattiegie- Uae oo) 212 inches.,|" Bothley4 2.9 = -s ee 248 inches. 
Bottle 2ieu_41Lui uri lS SSe tinenesith Bottle isha eee ee 37% inches. 
Bottle 3222 epnn. iat 314 Anches.. |) Bettie (6.18) eis Be 3is5 inches. 


Bottle 5 shows an increase in the cream depth of approximately 
22 per cent as compared with bottles Nos. 1 and 4. This is an appar- 
ent variation in cream volume of more than the actual variations ob- 
tained in many of the steps of processing discussed in this bulletin. 
A consumer receiving two quarts of milk, one in a bottle with a wide 
neck and the other in a bottle with a narrow neck designed to extend 
the cream layer, would undoubtedly note the lack of “uniformity in 
the apparent richness of the milk. Such variations may give rise 
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to more complaints on the part of the consumer than a slight reduc- 
tion in the cream depth as a result of the various processes in the 
plant. 


EF 


Effect of various shapes of milk bottle on the apparent cream volume 


SUMMARY AND CONCLUSIONS 


Milk heated to 143° F for 30 minutes showed practically no de- 
crease in the cream volume, and in some cases an increase resulted. 

Pasteurization at 145° to 146° F. for 30 minutes reduced the cream 
volume an average of approximately 8 per cent, with considerable 
variations above and below. 

Pasteurization at approximately 148° F. for 30 minutes caused 
a decrease in cream volume of from 18.5 to 41.7 per cent, with an 
average decrease of approximately 31 per cent. 

The reduction in cream volume due to pasteurization at 145° to 
146° I’. was not so marked in the case of 24 to 36 hours old milk as 
in fresh milk, owing to the fact that old milk does not show so deep 
a cream volume before pasteurization as does fresh milk. Pasteuri- 
zation of old market milk had a tendency to restore its creaming 
ability. 

The cream volume results showed only slight var iations due to the 
different types of pasteurizing apparatus which were in use at the 
plants investigated, when factors in the processing other than heat- 
ing and holding were not involved. 

‘At the particular plants investigated there was practically no 
difference in the cream volume results from apparatus using a low- 
temperature heating medium as compared with that using a high- 
temperature medium, provided the time of heating was approxi- 
mately the same. 

Only a slightly better cream volume was obtained in vat pas- 
teurization when a low-temperature heating medium was forced 
through the coils by a direct-acting pump, as compared with the 
ordinar y circulation of a heating medium of higher temperature. 

The tests to show the effect of agitation during the holding period 
were not uniform, but the tendency appeared to be she¢htly in favor 
of holding the milk without agitation during this per iod. Moderate 
agitation “during the 30-minute holding period apparently has no 
appreciable effect on the cream volume. 
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Milk cooled in tank or vat pasteurizers from 145° to 50° F. showed 
a poor cream volume. Cooling milk in the tank or vat from 145° F. 
to 110° or 120°, and then cooling quickly to below 50° F. over a 
separate cooler resulted in a good cream volume. 

The tests showed that cooling milk to a low temperature after 
pasteurization is necessary 1n order to obtain a good cream volume. 
Pasteurized milk cooled to below 45° EF’. showed a much better cream 
volume than that cooled to only 50° F. or above. ; 

Milk stored at 38° to 48° F. showed a much better cream volume 
than that stored at temperatures above 50° F. The difference in 
favor of the colder storage temperature was more marked in the 
case of the raw milk than in that of the pasteurized milk. The im- 
portance of low-storage temperatures is often overlooked at milk 

lants. 
The cream volume of milk pasteurized at temperatures from 143° 
to 145° F. was greater after two or three hours’ storage at low tem- 
peratures than in the original raw milk. This eradually decreased 
as the storage period was prolonged. 

The recreaming of raw milk decreased the cream volume, but 
after one recreaming the age of the milk was of more importance 
than the number of times it was recreamed. 

The recreaming of pasteurized milk had a detrimental effect on 
the cream volume. This has a practical significance at plants which 
bottle pasteurized milk after it has been allowed to cream. 

Pumping milk at temperatures between 60° and 120° F. reduced 
the cream volume to a slight extent in some cases. Pumping raw 
milk below 60° F. and pumping pasteurized milk at temperatures 
between 120° and 145° F. with the four types of pumps used had 
practically no effect. on the cream volume. 

Allowing milk to stand or to be agitated for 15 minutes or more 
at temperatures between 60° and 110° F. had generally a detri- 
mental effect on the cream volume. This was more pronounced with 
milk that was being cooled from the pasteurization temperature 
than with that which was being heated. 

Holding or agitating milk at a temperature of 145° F. had con- 
siderably ‘less effect on the cream volume than at temperatures be- 
tween 60° and 110° F. 

Clarifying milk at temperatures between 60° and 65° F. had only 
a slight effect on the cream volume, though there was a considerable 
decrease when the milk was clarified at temper atures above 80° F. 

Filtering hot milk had practically no effect on the cream volume. 

It is evident that a material decrease in the cream volume of the 
finished product may result from the accumulation of slight de- 
creases brought about by various steps in the process; therefore it is 
important to minimize as much as possible the decrease in each step. 

The various shapes of bottles caused a great difference in the ap- 
parent cream volume. | 
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